Introduction
Age-related macular degeneration (AMD) is the most common cause of macular degeneration. It rarely occurs before age 55, but is more common at age 75 and older 1) . Even though the primary ocular damage to electric arc welders has been reported as photophthalmia, keratoconjunctivitis and cataracts due to ultraviolet radiation (UV) 2, 3) damage to the retinas of welders is frequently reported, especially when the welder's eye is accidentally exposed to the welding arc. Retinal damage among welders has been described as maculopathy or photoretinitis and basically has pathology and clinical characteristics similar to macular degeneration such as drusen, retinal pigment epithelial (RPE) changes, geographic atrophy, and changes in central vision [4] [5] [6] [7] [8] [9] [10] . Thus, distinguishing AMD from welder's maculopathy depends not only on clinical symptoms and ophthalmologic examination, but also on the work history of the welder. The difficulty distinguishing between these two diagnoses can create controversy when a claim is made for welder's macular injury 2) . The possible theories for the mechanism underlying welder's retinal damage include a phototoxic reaction between visible light and the phospholipids of retinal pigments which generates reactive oxygen intermediates 11) . The phototoxic reaction of visible light is also recognized as an important risk factor in the pathogenesis of AMD 12, 13) . Although several cases of welder's macular damage have been reported 2, 4, 10, 15) , presumably as a result of accident or negligence of safety regulations, there still is not enough awareness of the importance of eye protection for welders. We report a case of macular degeneration in an individual with nearly 20 yr employment as an arc welder. The purpose of this report is to raise attention to the risk of macular damage among welders. 
Case Presentation
A male welder, who had been working in an industrial machine manufacturing plant since 1982, was diagnosed with bilateral macular degeneration on October 2002 at 49 yr of age. He had never been diagnosed with diabetes, hypertension, hyperlipidemia, liver disease or any chronic disorder during his compulsory biannual medical monitoring (biannual medical monitoring is a requirement of the Korean Occupational Safety and Health Act). The welder was not a heavy drinker (two drinks per week) but smoked a pack of cigarettes per day since the age of 22 yr (not including a five years period of abstinence). He denied any family history of eye or visual disorders.
His first job after his graduation from middle school was as a welder at an industrial machine manufacturing plant; he had no welding experience prior to this job. His welding tasks were varied and included welding manufacturing pipes, the pressing of steel sheets through weld placement, and welding to facilitate cable installation. His work hours were ordinarily from 08:00 AM to 5:00 PM with occasional days involving 2 h of overtime. The welding process he primarily engaged in was metal inert gas arc welding; sometimes he performed spot welding to attach brackets, to attach cable harnesses in which electrical cables are conducted, and to weld ship hulls.
In general, the welder wore a helmet equipped with a UVprotective lens during his welding activities but some situations prevented him from wearing the helmet. This was especially the case when his welding was required in a dark environment where he would be unable to precisely discriminate the metal sheets to be welded. As a result he would unmask during the pre-heating phase of the welding machine. In this regard, his work habits were like his coworkers. There were also many situations requiring him to weld overhead (i.e. on the ceiling), facing upwards, risking the arc sparks, risking facial and eye exposure to metal chips and dust.
He reported frequent, intense eye pain while welding beginning in 1982, but the episodes were reversible and he recovered quickly until the first significant instance of severe pain in his left eye in June 1997. At that time, he was welding on a ceiling and an arc spark abruptly bounced into his left eye. He felt searing eye pain, subsequent and continuous lacrimation and a blurred vision. Medical care was not immediately sought and the symptoms worsened. When he finally sought medical care in December 1997, an ophthalmologist found macular edema by fluorescein angiography (FAG) bilaterally with a macular hole in the left eye. 
Discussion
Our case was initially diagnosed as AMD by an ophthalmologist, because his macular lesion was assumed to be caused by aging. Because the most common cause of adult-onset macular degeneration is an age related change, the diagnosis by an ophthalmologist is often AMD unless the patient has well known risk factors, such as a genetic disorder. Most idiopathic macular degeneration that develops in adulthood, therefore, tends to be diagnosed as AMD.
The eye symptoms in the welder we describe began in 1997, at 41 yr of age, normally too young for age related degeneration of the retina. Moreover, the patient had a distinct episode of welding light exposure which he described as "the arc light splashed into my eye, and then I felt severe pain and had blurred vision." Given his young age and acute welding exposures to arc sparks and welding dust, we think his macular lesions are unlikely to be age-related.
In practice, AMD is divided into wet AMD, dry AMD and retinal pigment epithelium detachment (PED). Dry AMD involves progressive atrophy of the retinal pigment epithelium (RPE) with subsequent loss of the choriocapillaris and photoreceptors within the macula. Therefore, most patients with the dry form describe a slow, progressive and inexorable decline in their central vision. In contrast, patients with wet AMD usually notice a sudden loss of vision from either bleeding or fluid leakage from abnormal vessels in the choriocapillaris beneath the RPE and macula 14) . The clinical course in our welder involved relatively abrupt loss of visual acuity after the 1997 eye injury and without the classic finding of wet AMD such as fluid leakage or bleeding.
MACULAR DEGENERATION AND VISIBLE LIGHT EXPOSURE IN AN ARC WELDER
Most reported maculopathy by welding arc exposure 2, 4, 6, 10, 15) show signs and symptoms similar to AMD. The typical fundoscopic finding of AMD, however, expressed as the precipitation of drusen, neovascularization, and the detachment of RPE, is easy to differentiate from injury due to welding light.
Paracentral or central scotoma 15) , and macular edema 2, 4, 10) have been found in cases of relatively mild welder's maculopathy, but severe cases are characterized by sub retinal scarring, hemorrhage, neovascularization, and macular detachment 7) . Most welders' maculopathies were reported to be reversible or to recover in a few months to a year, but some cases show persistent retinal lesions that evolve to retinal atrophy and visual impairment 2) . Photic maculopathy caused by various light sources such as sun gazing, arc welding, lightning strikes, and laser light 16) , develop through photochemical reaction. The majority of maculopathy cases in welders also develop after incidental and accidental exposure to the welding light with abrupt ocular pain. The clinical course of our case is, therefore, consistent with the aforementioned retinal burns.
The welding process can emit a wide spectrum of radiation, but UV and far IR radiation are mostly absorbed by the cornea and the lens, whereas visible light and near IR radiation penetrate to the retinal level 2, 10) . Okuno et al. 17) reported that the effective radiance of blue light in a welding arc was 0. 16 Although the blue light which our case had injured by could not be measure, we suspect that it might be risky level without a proper welding helmet.
Although welding arc exposure is not a well established causal factor for macular degeneration, we believe that the macular lesions observed in our case were likely caused by welding arc exposures and not an age related degeneration process.
In general, welding should not be conducted without use of a welding helmet. But, frequently, welders must work in dark and confined spaces in which impair their visual fields. In such situations some welders remove their protective helmets. In addition, the assistants to the welders usually are at the welding site without a helmet and in these situations, the irradiance level and exposures are often unsafe.
